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The  resent  work  of  the  Kansas  Geological  Survey  relative  to 
oortaln  outcrops  of  Pennsylvanian  ahalaa  in  eastern  Kaneas  la  re- 
aponalbla  for  this  study.  It  tans  boon  known  for  several  years 
that  phosphatlc  nodules  oeeur  in  soma  of  these  sedimentary  rooks* 
studies  by  the  Kansaa  Geological  Survey  indicate  that  the  shales 
oontain  s  significant  amount  of  phosphorus  which  Is  rather  uni- 
formly distributed  throughout  the  deposits. 

The  United  States  has  vast,  usable  dsposits  of  phosphate* 
bearing  rocks  In  Florida,  Tennessee,  Idaho,  Wyoming,  and  Montana, 
but  the  cost  of  processing  and  shipping  from  these  areas  to  areas 
of  utilisation  In  Kansas  is  high.  If  the  relatively  low  grade 
phosphatlc  shales  of  eastern  Kansas  could  give  equally  beneficial 
crop  response  st  s  lower  cost  to  ths  farmer,  another  Kansaa  re- 
source could  be  utilised  and  agriculture  In  adjacent  areas  would 
be  benefited. 

These  shales  also  contain  potassium,  magnesium,  and  iron  as 
well  as  several  other  elements  that  might  prove  beneficial  In  eg* 
rlcultural  uses  under  certain  soil  conditions  where  these  plant 
nutrients  may  be  deficient.  In  general,  the  eastern  one-third 
of  Kansas  Is  deficient  in  phosphorus  aa  indicated  by  eoil  tests 
and  crop  response  to  applications  of  phosphate  fertilisers.  An 
additional  supply  added  through  ths  application  of  pulverised 
shale  containing  a  aignif  leant  amount  of  phosphoric  aoid  should 


prove  beneficial  to  crop  production. 

According  to  Runnels  (7)  the  probable  u»e  of  a  particular 
•bale  aa  a  fertiliser  in  eastern  Kansas  would  depend  upon  the 
total  aa  veil  aa  the  available  phosphoric  acid  content,  the  lo- 
cation of  the  shale  deposit  with  reference  to  quarrying  and 
transportation  to  adjacent  areas  of  utilisation,  and  the  quantity 
of  shale  available*  Several  shale  deposits  with  relatively  lever 
phosphoric  acid  contents  vera  included  In  this  study  since  they 
are  so  readily  accessible  for  quarrying  operations. 

Theoretically,  the  application  of  shale  in  large  quantities 
cf  from  two  to  four  tons  per  acre  to  eastern  Kansas  soils  should 
produce  Immediate  results  as  well  aa  long-time  beneficial  re* 
suits*  The  available  phosphoric  acid  and  other  soluble  elements 
would  be  increased  Immediately.  The  degree  cf  aggregation  and 

the  large  applications  of  colloidal  clay  material  *  The  physical 
disintegration  and  the  chemical  decomposing  action  of  weathering 
ever  a  period  of  years  should  release  additional  phosphorus, 
iron,  magnesium,  potash,  small  amounts  of  nitrogen,  and  some  of 
the  trace  elements* 


REVIEW  OP  LIT^ATURE 


During  the  summer  of  1946,  Mr*  H«  u*  Runnels  of  Loring, 
Kansas,  made  aa  application  of  sudors  shale  to  soil  planted  to 
cabbage*  The  shale  analysed  0*19  per  cent  available  phosphoric 
acid  and  waa  applied  at  the  rate  of  two  and  one-half  tone  per 


aero.  Mr*  R*  ?.  Runnels,  Chief  Onanist  for  the  Kansas  Geological 
Survey  end  a  eon  of  Mr.  M*  H.  Runnels,  reported  an  increase  in 
yield  of  1500  pounds  of  salable  cabbage  on  the  fertilised  plots* 

Runnels  (7}  stated  that  cellophane  sad  dahllite  are  the 
most  common  phosphate-bearing  minerals  of  sedimentary  rooks  such 
as  shales  and  limestones*  Twenhofel  (9)  suggested  that  eollophane 
has  an  organic  origin  since  amorphous  eollophane  is  found  In  fos- 
sil bones*  Dahllite  is  a  crystalline*  secondary  mineral  which 
usually  oeeurs  with  eollophane* 

Runnels  (7)  found  that  only  the  bituminous  shales  or  black 
shales  contain  enough  phosphate  to  warrant  consideration  as  phos- 
phate fertiliser  materials*  The  phosphorus  found  in  the  shales 
studied  was  concentrated  in  small  concretions  or  nodules*  Nod- 
ules of  eollophane,  aocording  to  Twenhofel  (9)  are  of  rather  fre- 
quent ossurronss  in  certain  dark-colored  clays,  shales,  green- 
sands,  and  similar  deposits*  They  range  from  a  fee  millimeters 
to  SO  or  more  centimeters  in  diameter*  The  nodules  are  ssssssnly 
black  or  brown  in  color  due  to  the  hydrocarbon  content*  Twen- 
hofel (9)  believed  the  origin  of  phosphatie  nodules  to  be  due  to 
an  abundance  of  decaying  organic  matter  leading  to  the  precipi- 
tation of  the  phosphate*  Runnels  (7)  found  that  laboratory 
methods  designed  to  concentrate  the  phosphate  content  of  the 
shales  were  not  successful  due  to  the  uniformity  of  hardness, 
specif io  gravity,  and  shape  of  the  particles.  For  this  reason 
the  possibility  of  utilising  the  shale  without  processing  other 
than  pulverising  must  be  considered* 


Runnel*  (7)  has  tentatively  identified  the  clay  mineral 
making  up  these  bituminous  shales  as  illite*  The  name  "illite" 
has  been  suggested  by  aria  (5)  and  others  as  a  group  name  for  the 
constituents  of  clay  materials  that  are  similar  to  the  white 
mloas*  The  general  formula,  «ffl)4sy(Al4.Fe4.Mg6)Si8-  .Al  0fi0, 
ems  advanoed  for  illite  with  y  varying  from  1  to  1*5*  Grim  (4) 
suggested  that  the  illite  in  the  Peaneylvanlan  shales  of  Illinois 
formed  after  deposition  from  montmorlllonlte* 

Aooording  to  Hoove,  Frye,  and  Jewett  (6)  the  exposed  sedi- 
mentary rooks  of  the  eastern  third  of  Kansas  are  of  the  Paleosolo 
systems*  The  shales  studied  wore  deposited  during  the  Peansyl- 
vanian  which  in  Kansas  and  Hebraska  shows  a  transitional  phase 
from  the  coal  measures  of  the  east  to  the  limestone  of  the  west. 
The  system  consists  largely  of  shals,  with  a  little  sandstone  ami 
considerable  limestone*  Blsokwelder  (3)  stated  that  the  eea  was 
more  perms  runt  west  of  the  ares  within  which  the  coal  measures 
were  being  deposited,  from  Michigan  and  Indians  to  Kansas  and  Ok- 
lahoma* The  thickness  of  the  foesUiferous  shale  and  limestone 
with  only  occasional  beds  of  coal  and  sandstone  gives  evidence 
of  this*  arachiopods,  erinolds,  and  other  ordinary  marine  fos- 
sils are  present  in  this  area* 


SOURCE  AID  PHOSPHORUS  COSTSHT  OF  8HALSS  USED 


i,  Frye,  and  Jewett  (6)  mads  a  tabular  description  of 
the  rook  formations  and  their  members  which  outcrop  in  Kansas* 
The  description  included  most  of  the  shalss  used  in  this  study* 


Representative  sample*  of  shale  were  taken  from  •Mtfra  Kansas 
outcrops  by  Mr.  R*  7*  Runnels  of  ths  Kansas  Geological  Survey. 
Those  samples  oars  used  to  oaks  complete  chemical  analyse*  and  a 
sample  of  each  shale  wae  sent  to  Kansas  State  College  to  be  used 
la  this  Investigation*  The  source  and  legal  description  of  areas 
where  pbosphatle  shales  were  sampled  are  given  In  Table  1. 


Table  1.  Legal  description  of  localities  where  shale  samples 
used  aa  phosphate  fertilising  materials  were  taken.* 


Stratlgraphlc   t 
horlsoA 


County  8 


Location 
legal  description 


Mantle  Creek  shale 
Quivers  shale 
Pleasanton  shale 
Eudore  shale 


N  jnilUWtf  ww 

Wyandotte 

Labette 

Franklin 


sso.  18*  T.  11  s.,  h,  84  *• 
see.  12,  T.  11  .,  %  84  1. 

/4  see.  17,  T.  88  ?.,  F.  19  B. 
I  1/4:  i/4  gec.c,  f«tf  .(      .19  ?,. 
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In  asking  an  analysis  of  the  phosphoric  acid  oontalned  in  the 
shales ,  Runnels  (7)  used  the  citric  acid-soluble  phosphoric  sold 
analyses  as  described  in  A.O.A.C.  (2)  for  basic  slag*  After  most 
of  the  shale  treatments  had  been  applied  to  the  various  tests 
carried  out  in  the  greenhouse  and  in  the  field,  an  analysis  was 
made  by  the  Kansas  stats  College  Control  Laboratory*  This 
analysis  measured  the  content  of  available  phosphoric  said  by 
subtracting  ths  citrate-insoluble  phosphoric  acid  from  the  total 
phosphoric  acid  aa  outlined  in  A*o*A*C*  (8)  for  fertiliser 
analyses.  Slnoe  this  measure  of  available  phosphoric  sold  is  the 
approved  method  for  analyses  of  available  phosphoric  acid  In  far- 


tilisers,  it  will  be  ueed  In  referring  to  the  amounts  of  available 
phosphoric  acid  applied  to  the  various  treatments.  Moat  of  the 
treatmenta  were  made,  however ,  uaing  quantities  calculated  on  the 
baele  of  citric  acid-soluble  phosphoric  acid  which  was  erroneous- 
ly believed  to  be  the  correct  measure  of  available  phosphoric 
add.  The  phosphoric  acid  content  of  the  shales  used  la  this  in* 
vestigation  la  given  in  Table  8* 


Table  2*  Per  cent  of  phosphoric  acid  contained  in  the  shales 
need  in  this  investigation  as  phosphate  fertilisers* 
Analyses  were  made  according  to  methods  described  la 
A.O.A.C.  (B). 


i  t  Citric  acid*   t 

t  Total  phos-    i  soluble  phoe-  t  Available  phoe- 

t  phorlc  acld.e  t  phorlc  aold,€  t  phoric  aold»e» 


*  Analyses  by  Runnels  (7). 
••  Analyses  by  the  Kansas  State  Collage  Control  Laboratory, 

EJtFKRXMSXTAL  MSTHCOo 


The  purpose  of  the  study  carr lsd  out  by  the  author  at  Kansas 
State  College  waa  to  determine  under  (sroswhouss  and  field  con- 
ditions, the  added  crop  response  due  to  application  of  phoephatlo 
shales  to  soils  known  to  be  deficient  in  phosphorus.  The  soils 
used  in  the  investigation  consisted  of  Parsons  silt  loam  from 
Neosho  County  and  Geary  silt  loam  from  Riley  County*  The  testa 
were  carried  out  using  alfalfa  and  wheat  since  they  are  the  major 


crop*  requiring  phosphate  fertiliser  treatment  in  eastern  Kansas. 
A  comparison  of  kinds  and  amount*  of  shale  treatments  was  made 
with  plots  receiving  no  phosphate  treataent  as  well  as  plots  re- 
ceiving applications  of  superphosphate  and  rook  phosphate*  No 
attempt  was  made  to  measure  the  possible  benefits  due  to  other 
element •  contained  in  the  shales • 


Farm  Plot  Teste  with  Phosphatle  Shales 


Field  tests  were  conducted  at  the  Kansas  State  Collage 
Agronomy  Farm  with  wheat  planted  October  8,  1948*  Thirty  plots 
ware  used*  The  pulverised  shale  and  rook  phosphate  were  applied 
to  the  surface  seedbed  of  the  respective  plots  just  prior  to  seed- 
ing and  incorporated  into  the  upper  three  to  four  inches  with  a 
diso  harrow*  Superphosphate  was  applied  at  the  time  of  seeding 
with  a  conventional  fertiliser  drill*  A  spring  top-dross  inn  of 
asjsonlwi  nitrate  equivalent  to  50  pounds  par  acre  of  available 
nitrogen  waa  made  to  all  plots  on  March  28,  1949* 

The  plots  which  were  to  receive  fertiliser  treatment  ware 
picked  at  random*  Four  treatments  and  one  check  which  did  not 
receive  a  phosphate  treatment  ware  replicated  six  timss*  The 
fertiliser  treatments  and  amounts  applied  are  given  in  Table  S* 

Greenhouse  Jar  Tests  with  Phosphatle  Shalee 

The  major  part  of  this  study  was  carried  out  with  alfalfa 
and  wheat  grown  on  soil  which  was  contained  in  glased  day  jars* 
These  tests  were  conducted  in  the  agronomy  department  greenhouse 


at  Kansas  State  Collage  during  the  winter  and  spring  of  1948-40. 
The  photoperlod  during  the  time  the  plants  were  grown  waa  not  con- 
trolled. Only  one  cutting  of  alfalfa  waa  grown  after  the  green* 
house  waa  whitewashed  on  May  28,  1949  to  eliminate  the  intense 
rays  of  the  sun  during  the  suwjsar  months*  The  jars  were  mowed  at 
random  regularly  to  avoid  error  due  to  differential  light  effects. 
All  of  the  jar  treatments  were  replicated  four  times* 

One-gallon  Jars  were  used  as  soil  containers  in  an  experiment 
with  shale  treatments  applied  to  Parsons  silt  loam  soil  from  the 
F*  *.  Davidson  farm  in  Tleosho  County*  Alfalfa  waa  grown  on  the 
soil  from  the  Davidson  farm*  In  the  other  experiment  using 
alfalfa*  one-gallon  jars  containing  deary  silt  loam  aoll  from  the 
Kansas  State  College  Agronomy  Farm  were  used*  The  greenhouse  test 
with  shale  treatments  made  to  Parsons  silt  loam  soil  growing 
wheat  utilised  ono-hsif  gallon  jars*  The  Parsons  silt  loam  soil 
used  with  the  shale  teat  on  wheat  was  obtained  from  the  Southeast 
Kansas  Experiment  Field  at  Thayer*  The  jars  were  cleaned  and  four 
thousand  grama  of  air  dry  soil  were  added  to  each  one-gallon  jar* 
Two  thousand  grams  of  air  dry  soil  were  need  in  the  one-half  gal- 
lon jars. 

Before  the  coil  waa  added  to  the  jars*  it  was  thoroughly 
mixed  with  the  respective  fertiliser  treatments  by  tabling  on  a 
large  sheet  of  heavy  paper*  Rock  phosphate  and  pulverised  shales 
were  added  by  adding  mono-calcium  phosphate  in  solution  with  a 
pipette*  All  of  the  Reecho  County  coll  was  treated  with  potassium 
chloride  ct  the  rate  of  60  pounds  of  available  potash  per  acre. 


weary  silt  loam  soil  was  not  treated  with  potassium  line*  it 
previously  bee  not  indicated  a  deficiency  of  thia  element,  nitro- 
gen was  added  to  all  of  the  jara  in  the  form  of  ammonlun  nitrate 
at  the  rate  of  50  pounda  of  elemental  nitrogen  per  acre*  Both 
potassium  chloride  and  ammonium  nitrate  ware  placed  in  solution 
and  added  with  a  pipette  in  the  ease  manner  aa  mono-ealeiua 


Alfalfa*  Forty  plants  of  Kansas  Common  selection  number  176  wore 
taken  from  the  alfalfa  nursery  on  November  18,  1948*  Those  mature 
plants  were  transplanted  in  jars  containing  Parsons  silt  loam 
soil*  The  soil  was  packed  firmly  around  the  roots  and  enough 
distilled  water  was  added  to  bring  the  moisture  content  of  the 
soil  in  each  jar  up  to  approximately  throe-fourtha  of  the  mois- 
ture equivalent  which  waa  determined  in  the  laboratory  to  bo  16*4 
per  cent*  all  of  the  plants  had  boon  propagated  vegetatively 
from  a  single  parent  plant  during  the  winter  of  1947-48  and  toons- 
planted  in  the  field  during  the  spring  of  1948*  The  main  reason 
for  using  those  mature  plants  was  to  obtain  fastsr  results* 
Also,  the  error  due  to  individual  differences  in  plants  should 
have  boon  loss  with  plants  propagated  vogetstively  from  one  indi- 
vidual* Bine  fertiliser  treatments  and  a  shook,  which  did  not 
receive  a  phosphate  fertiliser  treatment,  wore  included  in  this 
toot*  Bach  treatment  and  the  check  wore  replicated  four  times* 
The  ■■wool  and  kind  of  fertiliser  material  used  in  the  treatments 
la  given  in  Tabls  4* 
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The  Parsons  silt  loaa  •oil  which  was  used  In  this  test  had  a 
pH  of  4*7  •  Calcium  carbonate  applied  at  the  rate  of  four  tone  per 
aere  was  added  to  two  ahale  treatments  to  compare  the  crop  re* 
aponee  due  to  heavy  applioatlone  of  both  shale  and  line* 

iteaiassic.  sham  mmm  &  *mi  m*  J&  Mail  smim 

Alfalfa.  The  first  cutting  of  the  alfalfa  grown  on  the  Parsons 
silt  loss  soil  was  used  to  make  vegetative  cuttings  for  the 
greenhouse  fertiliser  test  using  Oeary  silt  loaa  soil*  When  the 
cuttings  had  roots  about  one-fourth  to  one-half  inch  Ion?,   they 
were  transplanted  in  jars  containing  the  Oeary  silt  loam  soil* 
The  soil  had  been  given  the  respective  fertiliser  treatments  and 
enough  distilled  water  had  been  added  to  bring  the  moisture  oon- 
tent  of  the  soil  in  each  jar  up  to  approximately  one-half  the 
moisture  equivalent  which  previously  had  bean  determined  in  the 
laboratory  to  be  24  per  cent*  The  pulverised  shale  used  in  this 
Investigation  would  pass  through  a  number  80  sieve  having  0*0931 
inch  openings*  The  coarsely  ground  Sudors  shale  would  pass 
through  a  number  10  sieve  having  0*0787  inch  openings*  It  waa 
desired  to  dstermine  what,  if  any,  would  be  the  effect  of  fineness 
of  grinding  on  the  availability  of  phosphorus  in  the  shale* 
Twelve  plants  wars  transplanted  in  each  jar*  These  wars  later 
tfrf«w»i  to  eight  plants  in  order  to  prevent  crowding  and  yet  ob- 
tain complete  and  efficient  utilisation  of  nutrients*  Phosphate 
fertiliser  treatments  were  made  to  the  Oeary  silt  loam  soil  grow- 
ing  alfalfa  under  greenhouse  conditions  according  to  Tabic  12* 
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Phoaohatlo  Shales  Applied  to  Pirtgas  Ml*  laia  Sglj  Qgowjafe 
Wheat*  The  fertiliser  test  using  wheat  grown  on  Pwiwi  allt  loam 
soil  from  the  Southerns*  Kansas  Rxperiment  Field  had  f orwerly  been 
designed  for  alfalfa,  however  after  the  lose  of  eon*  of  the 
transplanted  cuttings  due  to  "damping  off",  the  test  wae  re- 
designed  for  wheat*  The  wheat  wae  planted  one-half  Inch  deep 
with  16  eeede  to  eaoh  Jar*  These  were  later  thinned  to  six 
plants*  The  fertiliser  treatasnts  sjsde  to  the  Parsons  silt  loam 
soil  planted  to  wheat  are  listed  In  Table  24* 

Bernard,  a  spring  wheat  variety,  was  used  as  a  crop  for  this 
test  sines  there  was  not  enough  tine  left  for  winter  wheat  to 
grow  and  nature  under  greenhouse  conditions.  The  wheat  was 
planted  on  February  28,  1249*  In  this  test  s  comparison  wae  de- 
sired between  shales,  mono-ealeiua  phosphate,  and  rook  phosphate, 
when  all  of  the  treatments  received  an  equal  amount  of  available 
phosphoric  sold* 

Methods  of  laboratory  Analysis  for  measuring  Phosphorus 
Content  of  Plant  Material 


After  the  plant  material  had  been  oven  dried  at  a 
ture  of  76  degress  Centigrade  and  weighed,  it  was  ground  in  a 
f  ilsy  mill.  The  phosphorus  extraction  was  made  by  the  wet  diges- 
tion method  for  destroying  organic  matter  with  perchloric,  ni- 
tric, and  sulfuric  acids  as  outlined  by  Piper  (8). 

then  the  digest  waa  cold,  it  was  transferred  and  diluted  to 
volume  in  a  100  milliliter  volumetric  flask  by  ths  addition  of 
distilled  water*  Two  milliliters  of  the  100  milliliter  extract 


were  restored  by  *  pipette  end  plaaed  la  e  »0  milliliter  volu- 
xaetric  flask  end  diluted  to  volume*  Twenty  milliliters  of  the 
resulting  solution  were  used  for  eolorimetrle  phoephorui  deter- 
rainaUcns  using  en  adaptation  of  the  method  outlined  by  Arnold 

and  Sorts  (1). 

Analyses  were  made  en  the  plant  material  from  eaoh  replicate. 
Doe  to  the  email  else  of  wheat  grain  samples,  It  was  necessary  to 
grind  this  material  with  a  mortar  and  pestle*  Phosphorus  content 
was  set  measured  on  the  wheat  grown  on  the  agronomy  farm  field 
plote  and  the  fourth  cutting  of  alfalfa  grown  on  Parsons  silt 
loam  soil  in  the 


gXPKHlMlWTAL  RESULTS  AID  DISCUSSION 


Farm  Plot  Tests  with  Phosphatlo  Shalea 

Results  from  the  wheat  plots  located  on  the  Santas  State 
College  Agronomy  falsi  did  not  show  a  significant  response  to  ap- 
plications of  phosphate  fertilisers  when  an  analyeis  of  variance 
of  the  yield  data  was  made*  However,  as  indicated  in  Table  5, 
there  is  a  suggestion  that  troble-supsrphosphate,  rook  phosphate, 
and  fcuneie  Creek  shale  gave  an  increased  response  in  yield  over 
the  plots  which  received  no  phosphate  fertiliser  treatment  and 
ISM)  Pleaaanwen  shale  treatments. 

The  shale  fertiliser  study  with  wheat  grown  in  field  plots 
on  the  agronomy  fans  was  conducted  on  Qeary  silt  loam  soil  which 
is  not  as  deficient  in  phosphorus  as  some  of  the  other  soils  on 
farm*  The  results  shewn  in  Table  7  indicate  that 


1. 


Table  5.  Yield  of  wheat  la  bushels  per  more  and  the  reto  of  ap- 
plication of  different  phosphatio  fertiliser  materials 
oa  tho  wheat  plots  located  on  the  Eanaas  State  Collage 
Perm,  1948-49. 


t  Rate  of  application  of 
i  fertiliser  material  la 
t  poundf  per  aoye 

»  Total     • 

t  material   t  Available 

t  added     t  PgOa 


t 
t 

I  Yield  of  grain 
t  in  bushel •  per 
t  acre* 


Fleaaanton  ahale 
Konele  Creek  ahale 


4,000 

C,?50 

2,500 

110 


18 
60 

50 


94.15 

57.10 


He  treatment 


57.98 
86.41 


*  Average  of  six  replicate  treatments  which  were  lA452  of  an 
acre  in  else* 


thie  partieular  area  of  the  agronomy  farm  ia  not  deficient 

in  phosphorus  to  warrant  its  uae  for  a  fertiliser  study  of  thie 


Teat a  with  Phosphatio  Shales  Conducted  ia 
the  areenhoiise 


Alfalfa  and  wheat  were  grown  ia  jars  containing  soil  which 
had  been  treated  with  different  paoephatlo  fertiliser  materials. 
The  alfalfa  cuttings  were  made  when  the  crop  had  matured  to  the 
one-tenth  of  full  bloom  ata$e.  The  wheat  was  cut  when  the  grain 
waa  in  the  hard  dough  stage  and  allowed  to  finish  ripening  be- 
fore  threshing  by  hand  in  the  laboratory. 

nuiffltfflltf  fftfi1  rr  *»*ii*«  *«■  faracaa  Silt  Lean  8o^  Orewlaa 
Alfalfa.  The  experiment  with  alfalfa  grown  on  Parsons  silt  1< 
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treated  with  the  various  phosphate  fertilising  materials  was  de- 
signed to  compare  the  fertilising  value  of  Pleasanton  shale, 
vuaoie  Creek  shale,  and  Kudos*  shale  with  mono-oalcium  phosphate, 
rook  phosphate,  and  a  check  which  did  not  receive  a  phosphate 
fertiliser  treatment,  a  comparison  of  heavy  applications  of  four 
tons  per  acre  was  sods  with  relatively  smaller  applications  of 
shale* 

Five  cuttings  of  alfalfa  were  made  from  the  alfalfa  grown  la 
Jars  containing  Parsons  silt  loam  soil*  The  first  cutting  was  not 
used  for  yield  or  phosphorus  analysis  since  a  large  part  of  this 
growth  was  made  from  stored  root  reserves*  Bach  jar  contained 
only  one  plant  which  was  obtained  from  a  root  stock.  This  re* 
suited  in  large  differences  within  treatments  due  to  individual 
variations  in  the  population.  Several  plants  died  during  the 
season  and  the  resulting  missing  data  were  taken  into  considera- 
tion when  making  a  statistical  analysis  of  variance*  Chemical 
analysis  of  the  plant  material  for  phosphorus  content  wae  made  cm 
the  second,  third,  and  fifth  cuttings.  Bach  treatment  was  repll- 
cated  four  times  and  the  average  of  the  four  replicates  was  re* 
ported  in  the  tables  giving  yield  per  Jar,  per  cent  phosphorus  In 
hay,  and  the  phosphorus  content  of  hay  la  grams  per  jar* 

table  4  shows  the  data  obtained  for  the  second  alfalfa  cut* 
ting*  applications  of  1,786  pounds  per  acre  of  Pleasanton  shale 
and  2,600  pounds  per  acre  of  rock  phosphate  gave  the  two  highest 
yields  respectively*  Both  were  significantly  greater  at  the  6 
per  cent  level  of  eigttiflcance  (Table  6)  than  the  no- treatment 


yield,  the  6,849  pound  per  acre  application  of  tfuaeie  Croak  shale 
yield,  and  the  100  pound  par  aera  application  of  mono-calcium 
phosphate  yield*  The  yields  received  from  applications  of  8.000 
pounds  per  aera  of  Fudora  ahale  and  8.000  panada  par  acre  of 
Kunoit  Creek  ahale  plua  line  ranked  third  and  fourth  respectively 
and  were  eigalf  ieantly  greater  than  the  mone-ealcium  phoephate 
treatment  or  the  6,849  pound  par  aore  treatment  of  ifuncie  Creak 
ahale* 


Table  4.  Yield  and  photphorue  content  of  the  second  cutting  of 
alfalfa  groan  on  Pareone  ailt  loam  aoll  treated  with 
different  pfcoephatio  fartUiaar  materials  in  the  greea- 


Xtmele  Creak  ahale 
Mtnele  Creak  ahale 
Fudora  ahale 


t  Rata  of  application 
t  of  fertiliser  caste- 
t  rial  la  pounds  per 

'    T^Vt  iTi   i ■  urn  in  1 

t  Total 
t  Material 

:  added 


t      t 
t      i 

t      j 

»Yield  of « 

I  »hay  la  '  Per  oeat 
sAvailable  tgraaa  t  phospbow 
tFjOft     tpar  jar  t  in  hay 


Monoie  Creek  ahale1 
Pleasanton  shalel 
Mono-calcium  phoephate 
Rook  phosphate 


1,786 
6,849 

I  ,000 
8,000 
8,000 
8,000 
8,000 
100 
2,500 


9 
18 
81 
15 


89 

80 
60 


S#78e 

2.41 

8*68 

5.61 

urn 

8*49 

8*18 
8.44 

5.66* 

r.G9 


0.453 

0.658e« 

0«558«e 

0.460 

0.444 

0,468 

0,466 

0.514* 

0.840s* 

0.448 


*  Diff ere  sigpalf ioaatly  from  the  untreated  culture  at  the  6 

per  coat  level  of  significance. 
**  Dtffere  slgnlf ieantly  from  the  untreated  culture  at  the  1 

per  oent  level  of  eignificance. 
1  Received  aa  additional  treatment  consisting  of  calcium  car- 
bonate applied  at  the  rata  of  8,000  pounds  per  acre. 


Table  5*  Analysis  of  variance  values  obtained  using  yield  data 
for  the  second  cutting  of  alfalfa  groan  on  Parsone 
•lit  loam  toil  in  the  greenhouse  study  of  the  ferti- 
liaer  value  of  certain  phosphatie  shales. 


t    tcalcu-tF  value  needed  tLeaat  algnif  leant 
sVarl>- slated  »for  significance; difference 
Factor     tanee  tP  valumS*  level  il?  levciioTTovoltl»  level 


Between  treatraente  0.98         2.85 
Within  treataente  0*36 


3*90    0.94 


#  Differencee  algnif leant  at  5  per  oeat  level* 


The  average  par  cent  phosphorus  in  the  second  outting  of 
alfalfa  grown  on  Paraona  silt  loam  soil  ems  determined  and  the 
suits  were  found  to  be  highly  aignif leant  when  treated  statis- 
tical! v  as  indicated  in  Table  6,  Using  the  least  algnif  leant  dif 


Table  6.  Analysis  of  variance  values  obtained  using  per  cent 
phosphorus  content  data  for  the  second  cutting  of 
alfalfa  groan  on  Paraona  silt  loam  soil  In  the  green- 
house  study  of  the  fertiliser  value  of  certain 
phatlo  shales. 


^JihEisii- 


*  JCalcu-  *F  value 

t  Vari-  Hated     ifor 
t  anee     tF  values 


tLeast  significant 
idlffi 


.a^fflrs  mjKTJvmi  CM& 


Between  treat- 


Within  treat- 
menta 


0.008*   4.8£«*   2.25 

0.0019 


3.80    0.006   0.098 


Differences  aignif leant  at  1  per  cent  level. 


for  probabilities  of  1  per  cent,  three  treatmente 
to  have  resulted  in  a  significantly  greater 
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phorui  content  than  the  plant  material  from  the  soil  which  did  not 
Have  a  phosphate  fertiliser  application.  These  three  treatment! 
eoneieted  of  the  6,849  pound  per  acre  application  of  Munoie  Creek 
shale ,  the  2,500  pound  per  sere  application  of  rook  phosphate,  end 
the  8,000  pound  per  ftorc  application  of  S&mcle  Creek  shale. 
These  same  treatment*  were  significantly  greater  at  the  5  per 
•est  level  for  the  per  cent  phosphorus  content  of  the  hay  than 
any  of  the  other  seven  treatments  in  the  test*  The  mono  >  oalolua 
phosphate  treatment  was  significantly  greater  than  the  non- 
treated  culture  at  the  6  per  cent  level* 

An  analysis  of  variance  of  the  average  phoaphorua  content  in 
grams  was  not  made  on  the  data  from  the  individual  cuttings  of 
alfalfa  grown  on  Parsons  silt  loam  soil*  The  analysis  of  vari- 
ance of  the  seasonal  phosphate  content  in  grams  for  the  total  of 
the  second,  third,  snd  fifth  cuttings  revealed  that  the  differ- 
ences between  treatments  were  Insignlf  leant* 

Tables  7,  8,  and  0  give  the  data  for  yield  and  per  cent 
phosphorus  contest  for  the  third,  fourth,  and  fifth  cuttings  of 
alfalfa.  The  individual  plant  differences  within  treatment t  were 
so  great  that  a  slgsif least  difference  between  treatments  was  not 
found  when  an  analysis  of  variance  was  applied  to  the  data* 

In  comparing  the  seasonal  yisld  of  alfalfa  grown  en  Parsons 
silt  loam  soil  shown  in  Table  10,  four  treatments  gave  slgsif  1- 
eantly  (5*  level.  Table  11)  greater  yields  than  the  treatment  of 
6,840  pounds  per  sere  of  Munoie  Creek  shale  which  gave  the  lowest 
yield  of  all  treatments  including  the  no-treatment  yield*  These 


Table  7.  Yield  anil  phosphorus  content  of  the  third  cutting  of 
alfalfa  grown  on  Pareona  ellt  loam  eoll  treated  with 
different  phosphetlc  fertiliser  materials  in  the  green- 
house* 


i Rate  of  application  of *       t 

t fertiliser  material  Int Yield  of , Per  oent 

t  pounds  per  acre      tbay 


tTotal  mate* i Available  i*n  graas toontent 
trial  added  iPgOg     tPT  !•*  tot  hay 


Mcmole  Creek  shale 
Munele  Creek  shale 
Kndora  shale 
Flaaaanton  shale 
Munele  Creek  shale* 
Plaaaanton  abalel 
Mono-calcium  phosphate 
Rook  nfaoschete 
no 


1,786 
6*649 

8,000 
8,000 
8,000 
0,000 
8,000 
100 
8,600 


9 

5.88 

0*810 

1G 

4.35 

0.266 

si 

6*81 

0*888 

16 

6*88 

0.886 

M 

6*08 

0.888 

21 

7.16 

0.880 

59 

6*64 

0.848 

50 

6*04 

0.848 

50 

7.08 

0.868 

*#> 

6.86 

0.818 

*Reoeived  an  additional  treatment  consisting  of  calcium  oar* 
bonate  applied  at  the  rate  of  8,000  pounds  per  acre. 


Table  8.  Yield  in  graas  for  the  fourth  cutting  of  alfalfa  groan 
on  Parsons  silt  loan  sou  treated  with  different  phos- 
phatlc  fertiliser  materials  in  the  greenhouae. 


TIKeTfTppBBBtlSTBflSr^ 

t  tlllser  material  in  pounds 

* — HfWhj   — 

t  Total  mate- i Available 
i  rial  added   i  PgOfi 


Treatment 


t 

t  Yield 

„*  of  bay 

t  in  gram 


Pleasanton  shale  1,786 

Hunoie  Creek  shale  6,849 

Munele  Creak  shale  8,000 

Budora  shale  8,000 

Plaaaanton  shale  „  8,000 

Munele  Creak  shale*  8,000 

Pleasanton  shale*  8,000 

Moao»calolum  phosphate  100 

Rook  phosphate  8,600 

la  treatment  — 


9 

18 
81 

lb 


80 
60 


7.78 
5.68 
7.01 

.-*•■■ 

9.66 
1.60 

9.06 
7.46 
6«8Q 

a.oi 


^-Received  an  additional  treatment  consisting  of  ealoium  car- 
bonate applied  at  the  rate  of  8,000  pounds  per  acre. 


Table  9*  Yield  and  phosphorus  content  of  the  fifth  cutting  of 
alfalfa  groan  on  Pareona  eilt  loam  eoll  treated  with 
different  phoephatio  fertiliser  materials  in  the 


t  Rate  of  application  t 
t  of  fertiliser  mate*  t 
:  rial  in  pounde  per  t  Yield 

tJUtt 1 «<*  h*7 

iTotal  mate- » Available  i  in  grea 
i rial  added  tPgOfe    iper  Jar 


i  Per  cent 

tphoephorue 

tof  hay 


Pleaaanton  ehale 
Mnaoie  Creek  ehale 
Muncie  Creek  ehale 
Badora  ehale 
Pleaaanton  ehale 
Munole  Creak  ehale1 
Pleaaanton  shales- 


Rock  phoaphate 
Ho  treatment 


1,786 
6,849 
8,000 
8,000 
8,000 
8,000 
8,000 
100 
8,800 


9 

13 

16 

88 

21 


60 

50 


4M 

shmM  I 

3,74 

4.12 

4.72 

4.K 

5.31 
4.44 

5.82 


0.172 
0.234 

0.886 
0.198 
0.196 
0.201 
0.198 
0,818 
0.878 
0.184 


1  Received  an  additional  treatment  consisting  of  calcium  car- 
bonate applied  at  the  rate  of  8,000  pounde  per  acre. 
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four  treatment*  were  the  2,500  pound  per  acre  application  of  rook 
phosphate,  tha  8,000  pound  par  aera  application  of  Muncic  Creak 
■hale  plua  lime,  the  8,000  pound  per  acre  application  of  Pleesent- 
en  shale,  and  the  8,000  pound  per  acre  application  of  Pleaaantom 
•hale  plua  line* 


Table  11. 


Analysis  of  variance  values  obtained  by  ueing  aeaaonal 
yield  data  for  the  second,  third,  fourth,  and  fifth 
euttinga  of  alfalfa  grown  on  Parsons  allt  loan  aoil  in 
the  greenhouse  study  of  the  fertlllaer  value  of  phos- 


tiveast  slgnlf 
tdifference 


■  *r7rm*3rmmM  nryRTjrrrn 


actor 


t      tCaicu-  tF  ilu( 
t  Vari-  tlated  t 
t  anoe  :F  value I 


Within  treat- 
ita 


84.94 
8,77 


8*84«    Ml 


1*07 


#  Differences  significant  at  the  5#  level* 

An  analysis  of  variance  was  nade  on  the  aeaaonal  per  cent 
phosphorus  content  of  hay  and  the  aeaaonal  phosphorus  content  in 
grass  per  jar*  The  aeaaonal  phoephorus  content  data  was  found  to 
be  ineignlf leant  aa  to  differences  between  treatments* 

The  per  cent  of  available  phosphoric  acid  recovered  by  tha 
plants  waa  measured*  To  obtain  this  value,  the  phoephorus  content 
of  the  hay  in  tuna  per  jar  for  the  non-treated  soil  waa  sub* 
treated  frost  the  phosphorus  content  of  the  bay  in  grams  for  the 
treated  jars.  Thle  gave  the  additional  phosphorus  which  was  taken 
up  by  tha  plant  due  to  the  application  of  phosphate  fertiliser* 


The  above  value  was  divided  by  the  weight  of  available  phosphorus 
added  to  the  eoil  In  the  fertiliser  application  and  multiplied  by 
100  to  obtain  a  figure  representing  the  per  oent  of  available 
phosphoric  aold  recovered. 

Table  10  shows  that  from  2.95  to  55.11  per  oent  of  the  avail* 
able  phosphoric  sold  that  was  added  In  the  different  shale  treat* 
meats  waa  reocvered  by  the  alfalfa  plants  as  compared  to  40*5 
per  oent  reoovery  from  rook  phosphate  and  no  recovery  from  mono* 
oalclum  phosphate*  This  indicates  that  the  available  phosphoric 
sold  in  Pleaeanton,  Muncle  Creek,  and  Eudera  shale  Is  available 
to  plants  and  compares  favorably  to  rook  phosphate  as  to  availa- 
billty  of  phosphoric  sold  to  alfalfa  grown  on  Parsons  silt  loam 
soil* 

Phosphatlo  Shales  Applied  to  Peary  3Ut  Loam  Sell  growing 
Alfalfa.  Three  cuttings  of  alfalfa  were  made  from  the  test  using 
Geary  silt  loam  soil  treated  with  different  phosphate  fertiliser 
materials. 

The  analysis  of  variance  of  the  yield  data  for  the  first  out* 
ting  of  alfalfa  grown  on  deary  silt  loam  soil  proved  that  the 
differences  between  treatments  were  algnlf leant  (ft£  level)  as 
shown  in  Table  IS.  A  significant  response  in  yield  waa  made  with 
the  application  of  100  pounds  per  acre  of  mono-calcium  phosphate. 
Table  IS  shows  that  none  of  the  shale  treatments  or  the  rook 
phosphate  which  was  applied  at  the  same  rate  of  available  phos- 
phoric sold  as  the  mono-oalclun  phosphate  gave  significant  in- 
creases in  yield.  However ,  in  all  oases  except  the  treatment 
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Table  13*  Analys is  of  variance  values  obtained  using  yield  data 
for  the  first  cutting  of  alfalfa  grown  on  Oeary  aUt 
loam  soil  in  the  greenhouse  study  of  the  fertiliser 
value  of  eertain  phot pha tic  shales* 


t      sCalcu-  if  value  needed   sLeast  significant 
i  Vari-  slated  if or  •Ignlflsanoo  sdJ 
t  anoe  IP  value  t] 


Faoter 


Between  treat- 

meats      0.858   2.41* 
Within  treat* 

0.845 


1T77TOT 


levalU 


urn 


*,m 


JKWilK 


„  ,5  — 


*  Differences  significant  at  the  5£  level. 

receiving  1,786  pounds  per  acre  of  Pleasanton  shale,  an  increase 
in  yield  over  the  plant e  on  the  non-treated  soil  ems  obtained. 


Table  14.  Analysis  of  variance  values  obtained  by  using  per  cent 
phosphorus  content  data  for  the  first  cutting  of  al- 
falfa groan  on  deary  silt  loam  eoil  in  the  greenhouse 
•tody  of  the  fertiliser  value  of  eertain  phosphatio 
shales. 


t      tCalou-  if  value  needed   t Least  significant 

t  Vari-  slated  sfor  significance  i difference 

s  anoe  if  value sgg  level ij<  level «fl*  lwol'l*  level 


0.000798  16.79* 
Within  treat- 
ments     0.000045 


-.22    9*09    0.009    0*018 


*  Differences  significant  at  the  1  per  cent  level. 


Table  14  shoes  that  the  results  from  the  analysis  of  variance 
on  the  per  cent  phosphorae  content  of  hay  for  the  first  cutting  of 
alfalfa  were  highly  significant.  The  plant  material  from  the  rook 


phosphate  treatments  gave  a  aignif  lcantly  greater  par  cent  phos- 
phorus content  over  all  other  treatments,  the  plant  material 
from  the  mono-eelolum  phosphate  treatment  ranked  second  In  per 
cent  phoiphorua  content  to  rock  phoaphate  and  waa  aignif lcantly 
higher  than  the  plant  material  from  all  of  the  shale  treatmente 
except  Pleaaanton  ahale  applied  at  the  rate  of  6,000  pounds  per 
acre.  A  highly  significant  F  value  waa  obtained  from  the 
analyals  of  variance  of  the  phosphorus  content  in  grama. 

The  plant  material  from  the  raono-oalclum  phoaphate  and  rock 
phoaphate  treatments  had  a  aignif icantly  (1  per  oent  level) 
greater  content  of  phoaphorus  than  all  other  treatments.  Alfalfa 
grown  on  soil  treated  with  Pleaaanton  ahale  at  the  rate  of  e,000 
pounds  par  acre  had  a  aignif loantly  {©  par  cent  level)  greater 
phoaphorus  content  than  did  the  plant  material  from  the  tiealissirt 
of  Pleaaanton  ahale  applied  at  the  rate  of  1,786  pounds  per  acre. 

The  analyals  of  variance  of  the  yield  data  from  the  ssscod 
cutting  of  alfalfa  grown  on  Geary  silt  loam  soil  showed  no  sig- 
nificance between  treatments.  Table  16  shows  the  loweat  yield 
for  the  second  cutting  to  be  on  the  soil  which  did  not  have  a 
phoaphate  fertiliser  treatment.  This  would  indicate  that  all  of 
the  phoaphate  fertiliser  materlala  were  giving  acme  reaponse. 
However,  none  of  the  differences  in  yield  ware  large  enough  to  be 
statistically  aignif leant. 
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Table  17.  Analytic  of  variance  values  obtained  by  using  per 

cent  phosphorus  content  data  for  the  second  cutting  of 
alfalfa  grown  on  Oeary  silt  loam  soil  in  the  green- 
house study  of  the  fertiliser  value  of  certain  phos- 
pfaatio  shales* 


Factor 


i      rCalcu-  tF  value  needed 
t  Vari-  j la ted  tfor  signific 
!  anoe  tF  value 1 1 


Between 

treatments  0.0066667    80.08* 
Within 

treatments  0.0000585 


la* 


t.c: 


t Least  significant 

»fl,yf f gyp; ,  „ 

15%   level si£  level 


0.006    0.011 


*  Differences  significant  at  the  l£  level. 

The  plant  material  from  the  rook  phoephate  treatment  had  a 
significantly  (1%  level.  Table  17)  greater  percentage  of  phosphor- 
us than  say  of  the  other  treatments  and  the  nontreated  culture. 
Plant  material  from  the  mono-calcium  phosphate  treatments  ranked 
second  in  phosphorus  percentage  and  contained  significantly  (l£ 
level)  more  phoephorus  than  any  of  the  other  treatments  with  the 
exception  of  the  plant  material  from  the  soil  whioh  did  not  re- 
ceive an  application  of  phosphate  fertiliser.  Ac  will  be  noted 
in  Table  16 #  the  ehale  treatments  produced  plants  having  a  sig- 
nificantly lower  phosphorus  percentage  than  the  plant  material 
grown  on  soil  which  did  not  have  a  phosphate  fertiliser  applica- 
tion. 

The  content  of  phosphorus  in  grams  for  the  alfalfa  grown  on 
Oeary  silt  loam  soil  treated  with  rook  phoephate  was  significantly 
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(1  per  cent  level,  Table  18)  greater  than  all  other  treatments. 
The  mono-calcium  phosphate  treatment  produced  plants  whioh  gave  a 
eignifieant  (•  par  oent  level)  response  in  phosphorus  content  over 
the  plant*  grown  with  Budora  shale  applied  at  the  rata  of  8,000 
pounds  par  acre  and  the  eheek  which  was  not  treated  with  a  phoe- 
phate  fertiliser.  The  eaalleet  content  of  pfaoaphorua  in  grams 
was  received  from  plants  crown  on  the  nontreated  soil. 

An  analyaie  of  variance  of  the  yield  data  shown  in  Table  SO 
for  the  third  cutting  of  alfalfa  revealed  that  the  differences  be* 
tween  treatments  were  Just  significant  at  the  6  per  oent  level. 
Five  treatments  gave  signif ieently  greater  yields  of  alfalfa  than 
the  soil  which  waa  not  fertilised.  These  treatments  consisted  of 
Pleasanton  shale  applied  at  the  rate  of  8,000  pounds  per  acre, 
Budora  shale  applied  at  the  rata  of  8400O  pounds  per  acre*  Kudora 
shale  applied  at  the  rate  of  6,889  pounds  per  acre,  and  rock 
phosphate  applied  at  the  rate  of  2,600  pounds  per  sore*  The 
Fudora  shale  treatment,  which  ranked  second,  waa  coarsely  ground. 
This  suggests  that  fineness  of  grinding  ia  not  a  factor  in  the 
availability  of  phoaphorue  in  the  shales*  Table  19  shows  the 
yield  from  the  soil  which  had  not  been  treated  to  be  the  lowest 
which  would  again  indicate  that  a  response  in  the  yield  of  alfalfa 
waa  obtained  by  addition  of  mono-calcium  phosphate  and  rock  phoe- 
phate  as  well  as  the  phosphatic  shales. 
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Table  80*  Analysis  of  varianoe  values  obtained  by  using  yield 
data  for  the  third  cutting  of  alfalfa  grown  on  Oeary 
Silt  loam  soil  in  the  greenhouse  study  of  the  ferti- 
liser value  of  certain  phosphatic  shales* 


Pastor 


i  tflalcu-  i  P  value  needed      (Least  significant 

t  Varl*  slated     t  f  or  •Ifflttlssnj 
tense     tP  value td%  level  tl£  le^ 


tUMm     ■  IgHM 

»W  level tiff 


treatments  0,18111 
within 

treatments  0,06800 


8,81*    8.88 


8,08 


0.41 


Differences  significant  at  the  6  per  oent  level. 


Table  81,  Analysis  of  variance  values  obtained  by  using  per  oent 
phosphorus  content  data  for  the  third  cutting  of  al- 
falfa green  on  Oeary  silt  loam  soil  In  the  greenhouse 
study  of  the  fertiliser  value  of  certain  phosphatic 


tCalou*  t   F  value  needed   t Least  significant 
t  Varl-  slated  t  for  significance  idlfference 
Paotor    i  ance  iP  valued  level  tig  level  to*  level  il^  level 


treatments  0,00444 
eftfefeB 

treatments  0,00080 


88*88i   8*81 


5,08    0,080    0,088 


*  Differences  significant  at  the  1  per  oent  level. 


The  third  cutting  of  plant  material  from  Oeary  silt  loam 
treated  with  rook  phosphate  had  a  significantly  (1  per  cent  level. 
Table  81)  greater  phosphorus  percentage  than  any  of  the  plant  ma- 
terial from  other  phosphate  treatments.  The  alfalfa  grown  on  soil 
treated  with  mono-calcium  phosphate  ranked  second  and  had  a  slgnif . 


leantly  (6  per  cent  level)  greater  phoephorus  percentage  then  the 
alfalfa  from  any  of  the  other  treatments  with  the  exception  of 
Sudor*  shale  applied  at  the  rate  of  6,529  pounds  per  aore  and  the 
aoil  which  did  not  have  a  phosphate  fertiliser  treatment*  The 
plant  material  from  the  Sudors  shale  treatment  and  from  the  non- 
treated  soil  In  turn  gave  significantly  (5  per  cent  level)  greater 
phosphorus  percentages  when  sompared  to  the  plant  material  from 
the  Fleasanton  shale  treatment  applied  at  the  rate  of  1,786  pounds 
per  sore* 

The  analysis  of  variance  of  the  data  for  phosphorus  content 
la  grams  for  the  third  cutting  of  alfalfa  la  shown  In  Table  23* 
The  differences  between  treatments  were  highly  significant*  Al- 
falfa grown  on  soil  treated  with  rook  phosphate  took  up  signifi- 
cantly (1  per  cent  level)  more  phosphorus  than  the  alfalfa  grown 
on  the  other  treatments*  As  Indicated  In  Table  19,  five  treatments 
had  significantly  (1  per  cent  level)  greater  contents  of  phosphor- 
us than  did  the  no-treatment  plant  material*  The  plant  material 
from  the  Budore  shale  treatment  applied  at  the  rate  of  8,389 
pounds  per  acre  had  a  significantly  (1  per  sent  level)  greater 
phosphorus  content  than  the  plant  material  from  treatments  of  Mon- 
de Greek  shale  applied  at  the  rate  of  8,000  pounds  per  aore, 
Quivers  shale  applied  at  the  rate  of  3,000  pounds  per  acre,  Pleaa- 
anton  shale  applied  at  the  rate  of  1,786  pounds  per  sere,  and  the 
soil  which  did  not  receive  a  phosphate  fertiliser  treatment* 
As  shown  la  Table  19,  the  Qulvera  shale,  Pleaeanton  shale,  and  the 
no-treatment  plant  material  were  significantly  lower  In  phosphorus 
content  than  the  pleat  material  from  all  whs  other  treatments* 
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Table  tS  gives  the  aMNMl  data  fop  the  first,  second,  and 
third  cuttings  of  alfalfa  grown  on  Oeary  silt  loss*  An  analysis 
of  variance  was  not  nads  with  this  data  sines  saeh  individual 
cutting  was  thoroughly  treated  statistically. 

The  seasonal  yield  data  suggest  that  an  lnereass  in  yield 
over  the  ao-treatnent  in  every  eass  followed  applications  of 
phesphatic  fertilisers*  The  seasonal  phosphorus  porosntsgc  of 
the  hey  shows  definite  inoreosee  for  the  hay  grown  on  soil  treat* 
ed  with  rook  phosphate.  Hone-caloiutn  phosphate  treated  soil  pro* 
duced  hay  which  had  a  slightly  greater  phosphorus  percentage  than 
the  no-treatment  plant  material*  The  data  for  each  cutting  show 
that  the  shale  treatments  produced  hay  which  analysed  a  lower 
percentage  phosphorus  then  the  no-treatment  hay*  This  suggests 
that  the  Increased  growth  due  to  application  of  shale  may  have 
been  due  to  the  action  of  some  element  ether  than  phosphorus  eon* 
tsined  in  the  shales.  Relatively  large  quantities  of  phosphorus 
were  taken  up  hy  the  plant  material  grown  oa  the  soil  treated  with 
rock  phosphate*  However,  the  yield  of  this  asms  plant  material 
was  not  Increased  in  the  same  proportion. 

The  seasonal  data  shown  in  Tabls  8S  indicate  that  all  the 
phosphate  fertiliser  treatments  resulted  in  a  greater  phosphorus 
content  in  grams  psr  Jar  for  the  plant  material  than  was  contained 
by  the  hay  grown  on  soil  which  did  not  receive  s  phosphate  for* 
tillser  treatment.  The  inoreased  growth  and  yield  of  the  shale 
treatments  account  for  this  since  their  phosphorus  percentage  was 
in  most  easss  lower  than  the  percentage  phosphorus  of  the  hay 


groan  en  soil  which  received  no  treatment. 

Table  89  shove  that  from  8*80  to  19*64  per  cent  of  the 
available  phoaphoric  acid  that  was  added  by  the  different  shale 
treatment*  erne  recovered  by  three  cuttings  of  alfalfa  grown  on 
Geary  silt  loan*  Eudora  shale  compared  favorably  with  rook  phos- 
phate which  indicated  a  high  per  cent  recovery  by  alfalfa*  The 
other  shales  used  in  this  test  were  somewhat  lower  having  plant 
■aterial  which  recovered  from  2*89  to  9*90  per  sent  of  the  avail* 
able  phoaphoric  acid*  Mono-calcium  phosphate  treated  soil  pro* 
dueed  alfalfa  which  recovered  18.84  per  sent  of  the  available 
phosphoric  acid. 

Photphatie  Shales  Applied  to  Persons  Silt  Loam  Soil  Proving 
Wheat.  The  wheat  which  was  grown  in  the  agronomy  greenhouse  was 
harvested  87  days  after  it  was  planted.  Pictures  were  taken  one 
month  prior  to  harvest  to  illustrate  the  marked  response  that  was 
given  to  wheat  grown  on  soil  treated  with  mono-calcium  phosphate. 
This  teat  was  designed  to  study  the  results  when  equal  amounts  of 
svailable  phosphoric  acid  were  added  to  each  treatment* 

The  grain  yield  of  wheat  from  the  soil  treated  with  mono* 
salolum  phosphate  as  shown  in  Table  84  was  signif  loantly  (1  per 
sent  level)  greater  than  any  other  treatment*  During  the  growing 
period,  the  wheat  planted  in  soil  treated  with  raono-oaloium 
phate  could  be  easily  identified  because  of  its  darker  green 
color  and  more  vigorous  growth*  Figures  1  end  8  of  Plate  Z  and 
Pigs*  1  and  2  of  Plate  IX  illustrate  the  favorable  response  of 
wheat  grown  an  soil  treated  with  mono*oalcium  phosphate  compared 


wuhatios  or  rum  i 


Fig.  1.  Illustration  of  the  number  I  replicate  for  oaoh  treat- 
ment ueed  In  the  greenhouse  study  withwheat  grownon 
Pmou  silt  Icmb  soil  treated  with  d^srsnt  JbosBhatic 
ftrtillMr  aateriale.  fho  treatments  may  bo  Identified 
by  reeding  the  cod  number  on  the  jar*  The  individual 
jar  treataents  and  code  legend  from  left  to  right  aret 
fceaeenton  ahale  (T-l),  Stancie  Creak  ahale  (T-8), 
Kudora  ahale— finely  ground  (T-S),  Quivera  ahale  (T-4), 
Badore  ahali  aoaraaly  ground  (T-e),  ■ono.daAalyjphoa> 
phate  <T-e).  rook  phosphate  (T-7 ) .  i**!^*^*** 
did  not  hare  a  phosphate  fertiliser  treatment  (T-6). 


Fig.  2.  Illustration  of  the  number  XX  replicate  for  each  treat* 
ment  need  in  the  greenhouse  study  with  wheat  groan  on 
Parsons  silt  loan  soil  treats*  with  different  phoaphetie 
fertiliser  materials.  The  treatments  nay  be  Identified 
by  reading  the  code  number  on  thejar.  The  Individual 


jar  treataents  and  code  legend  from  left  to  right  aret 
Pleasanton  stasis  (T-l),  Jamais  Crssk  shale  CM). 
Eudora  shale— finely  ground  (?-S).  Quivera  shale  (?-4)# 
Bsdora  shale— coarsely  ground  <T-6)f  aono-oaleiu* phes- 


phate  (T-6),  rook  phosphate  (T-7),  and  the  check  which 
did  not  have  a  phoephat©  fertiliser  treatment  (T-8). 
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Fig.   1 


Fig.  2 
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M«.  X.     Uluatratlon  of  the  nurtber  ZZZ  W^f***  £f*  fg**"**' 
ant  und  In  the  ggoe nhonao  etudy  with  wheat  grown  on 

FSwTSut  xo« •ouSSt^  with ****««?* ?»;p5;*i0 

fertiliser  Materials.    The  treateeente  a^^.iJSJHi?^ 
by  reading  the  oode  nuniber  on  thejar . *he  SKil1^ 
lir  treatments  and  ood©  legend  fron  left  to  right  ini 
Pleaasnton  ebmle  (T-l),  Muneie  Creek  shale  <?-?V     -% 
SdSi^Sl^finily  grownfl  fog)^****  shale  <£*>. 
dorm  ehele-*oersely  «»?^m5r)iJ!0!E^!JSS*J52" 

St*  (S-6).  rook  Phw^S^J?-?)*  «*  t5L2?^jRi0h 
not  have  a  phosphats  fertiliser  treat—at  (T-8). 


Pig.  2.     Uluatratlon  of  the  nuaber  IV  replioat©  for  eaahtreet- 
Sm     e*ea  la  MM  0MafaS*as  iwiftr  lit*  tftfftt     0M  en 

Paraona  silt  loam  aoU  traatad  with  airr«w^^  pto<wtej*lo 

fartlllaar  Materials.    The  troata**te  ^*  "£££*•* 
by  reading  the  aode  number  on  the  Jar*    The  Individual 
jar  treatments  and  code  legend  fron  left  to  right  arei 
Pleaaanton  ahale  (T-l),  aunole  Creek  ahele  (?-8), 
MawaTahale-^lnely  ground  <?-5).  Qulvera  ahale  (T-4), 
-/.-:.-      Se--ooaraely  round  (T-5),  mono-oalcium  phos- 
phate CM),  rook  pbaarfKeCS-7),  and  the  eheok  whieh 
did  not  hare  a  phoaphate  fertUlaer  treatment  <T«e). 
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PIATE  II 


Fig.   1 


Fig.  2 


Table  £5,  Analysis  of  variant*  values  obtained  using  yield  data 
for  the  grain  yield  of  spring  wheat  grown  on  Parsons 
silt  loam  soil  in  the  greenhouse  study  of  the  ferti- 
liser value  of  oertain  phoaphatic  shales* 


est 


i  Vari-  ilated 


sCalcu-  iP  value  needed   t Least  significant 


Factor    t  anoe  n 


-  ■ 


lysiil:^  leveT 


treatments 
Within 


0,801 
0,068 


6«0**   a,43 


:-. 


0.8665   0,4964 


*  Difference  significant  at  the  1  per  cent  level. 


to  treatments  of  rook  phosphate  and  ahalea  which  were  applied  at 
toe  same  rate  of  available  phosphoric  acid  per  acre* 

An  analysis  of  variance  of  the  phosphorus  percentage  of  the 
wheat  grain  proved  that  the  difference  between  treatments  was 
highly  significant  as  shown  in  Table  86*  The  grain  from  the 
finely  ground  Eudore  shale  and  the  Munoie  Creek  shale  gave  sig- 
nificantly (1  per  cent  level)  greater  phosphorus  percentages  than 
any  of  the  other  treatments  with  the  exception  of  the  Rude**  shale 
which  was  coarsely  ground.  As  indicated  in  Table  24  the  phos- 
phorus percentage  of  the  grain,  in  general ,  Is  inversely  propor- 
tional to  the  yield.  There  is  a  suggestion  in  Table  94  that  a 
dlreet  relationship  exists  between  yield  end  grams  of  phosphorus 
taken  up  by  the  grain.  An  analysis  of  variance  of  the  data  for 
phosphorus  content  of  the  grain  in  gram*  proved  that  the  dlffer- 
eneee  between  treatments  were  statistically  insignificant. 
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Table  86*  Analyst*  of  variance  values  obtained  using  the  data 
for  per  cent  phosphorus  content  of  grain  of  spring 
sheet  groan  on  Parsons  silt  loan  soil  In  the  green* 
house  study  of  the  fertiliser  velua  of  certain  phoe- 
phatlc  shales* 


Factor 


t     iCalou-  sF  value  needed 
t  Varl- slated  if 
i  ansa  if  value u 


'.JkHDM^ 


t Least  alfpilf  ioant 


level 


:•! 


treatments  0.08000  9.68e 
within 

treatments  0*00006 


2,48 


Ml 


U  -G4    0.087 


*  Differences  significant  at  the  1  per  cent  level* 


An  analysis  of  variance  made  for  the  yield  of  straw  for  the 
wheat  grown  in  the  greenhouee  proved  that  the  differences  in  straw 
yield  were  statistically  insignificant*  A  study  of  the  yield  of 
straw  and  yield  of  grain  in  Table  24  will  show  that  the  two  were 
closely  correlated  in  this  fertiliser  test* 

The  vr  cent  of  available  phosphoric  acid  recovered  by  the 
grain  as  shown  in  Table  84  was  relatively  high  in  the  case  of  the 
■Stto-caleiuw  phosphate  applied  to  Parsons  silt  loam  growing 
wheat*  Three  shale  treatments  indicate  that  some  of  the  phosphor* 
lo  acid  was  recovered  and  that  the  shale  would  compare  to  rock 
phosphate  in  per  cent  recovery  of  the  available  phosphoric  acid* 


SUMKAEY 


The  object  of  this  study  has  to  determine  the  phosphatic 
fertilising  vslus  of  oertain  Peimeylvanian  shales  which  outcrop 
in  eastern  Kansas.  The  shales  used  in  the  investigation  contain- 
ed from  0*19  to  0*56  per  cent  available  phosphoric  acid.  The 
total  phosphoric  acid  analyses  range  from  0*01  to  3.20  per  cent 
for  the  same  chaise.  These  shales  also  contain  small  amounts  of 
potassium,  magnesium,  and  iron  as  well  as  several  other  elements 
that  might  prove  beneficial  in  agricultural  uses  under  certain 
soil  conditions  shore  these  plant  nutrients  may  be  deficient. 

The  four  shales  studied  in  this  investigation  vers  Kunels 
Creek  shsle  and  Quivera  shale  from  Wyandotte  County,  Plsaoanton 
shale  from  Labette  County,  and  Sudor*  shale  from  Franklin  County. 
Pulverised  samples  of  the  shales  sore  applied  to  soils  which  had 
previously  indicated  deficiencies  of  phosphorus  in  fertiliser  ex* 


Toets  using  phoophatic  shales  as  fertiliser  materials 
carried  out  in  a  greenhouse  and  on  the  Agronomy  Department  Farm 
during  1048-49.  The  agronomy  farm  test  was  designed  to  compare 
the  effeota  of  treble-ouperphoephats,  rook  phoonhato,  and  shale 
applications  on  the  yield  of  winter  wheat.  It  supplemented  the 
major  part  of  the  study  conducted  in  the  greenhouse  which  com* 
pared  mono-oaloium  phosphate,  rock  phosphate,  and  shale  treat- 
ments applisd  to  soU  oontalned  in  glased  clay  jars.  Alfalfa 
and  wheat  wore  grown  in  the  studies.  Soils  used  for  the 


M 


house  tests  coneieted  of  Parsons  el  It  loam  from  Heosho  County  and 
Oeery  eilt  loam  from  Riley  County,  The  response  In  yield  was 
measured  and  the  phosphorus  content  of  the  plant  material  ens  de- 
termlnsd  In  the  laboratory  by  ohemloal  analysis . 

Increases  In  the  yield  of  wheat  were  received  with  the  appli- 
cation of  6,860  pounds  per  acre  of  auncie  Creek  shale,  2,500 
pounds  per  acre  of  rock  phosphate,  and  110  pounds  per  acre  of 
treble-superphosphate  to  the  fertiliser  plots  located  on  the 
agronomy  farm.  However,  none  of  the  yield  responses  due  to  phos- 
phate fertiliser  application  was  statistically  significant* 

Pour  cuttings  were  mad©  from  the  alfalfa  grown  In  the  green* 
house  on  Parsons  silt  loam  soil.  In  this  tsst  only  one  rootstalk 
of  alfalfa  was  contained  In  each  Jar.  The  large  Individual  vari- 
ations In  the  population  gave  results  In  yield  which  are  not  con- 
eldered  by  the  author  to  be  reliable*  However,  yield  differences 
for  the  second  cutting  and  the  total  of  the  four  cuttings  proved 
significant  at  the  6  per  oent  level  of  elgnlflcanee  when  the  data 
were  treated  statistically*  Results  of  this  test  did  Indleeta 
that  the  shale  treatments  along  with  mono-calcium  phosphate  and 
rock  phosphate  increased  the  phosphorus  content  of  the  plant  ma- 
terial* This  would  suggest  that  the  shale  treatments  were  supply- 
ing additional  phosphorus  which  was  needed  for  the  nutrition  of 
alfalfa  grown  on  Persona  silt  loam  soil* 

Another  tsst  waa  conducted  in  the  greenhouse  using  alfalfa 
grown  on  Geary  silt  loam  soil.  Bone calcium  phosphate  gave  a  alg- 
nificantly  (5  per  oent  level)  greater  yield  than  the  nontreated 
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•ell  for  the  first  cutting*  Son*  of  the  treatments  responded 
with  significantly  (5  per  oent  level)  higher  yields  for  the  sec- 
ond cutting*  The  third  cutting  of  alfalfa  showed  that  three  dif- 
ferent treatments  of  Sudors  shale  applied  at  rates  varying  from 
6,889  to  8*000  pounds  per  acre  gave  significant  (5  per  cent 
level)  yield  increases*  Applications  of  P. ,000  pounds  per  acre  of 
Pleasanton  shale  and  8,500  pounds  9*r  acre  of  rock  phosphate  also 
gave  significant  increases*  The  failure  of  the  shales  to  produce 
alfalfa  giving  yield  increases  until  the  third  cutting  indicates 
that  the  major  amount  of  the  element  responsible  for  this  ad- 
ditional yield  on  Geary  silt  loam  soil  was  not  soluble  or  avail- 
able to  the  plant  until  after  the  second  cutting  was  mads* 

With  all  three  cuttings,  only  the  hay  from  the  rock  phosphate 
treatment  contained  a  significantly  (1  per  cent  level)  higher 
phosphorus  percentage  then  the  hay  from  the  nonfcrtilised  soil* 
In  general,  the  shale  treatments  produced  hay  which  was  lower  in 
phosphorus  than  the  hay  from  the  nonfertilised  soil  which  would 
indicate  that  the  response  In  yield  due  to  shale  treatments  ap- 
plied to  Oeary  silt  loam  may  he  due  to  some  element  other  them 
phosphorus  contained  In  the  shales* 

The  third  cutting  of  alfalfa  from  the  treatments  which  gsvs 
significant  yield  increases  also  removed  significantly  (1  per  oent 
level)  more  phosphorus  from  the  soil  than  did  the  bay  from  the  non- 
fertilised  coll*  The  mono-calcium  phosphate  treatment  produced 
hay  which  did  not  give  a  significant  yield  Increase  but  it  re- 
moved significantly  (1  per  oent  level)  more  phosphorus  from  the 


•oil  than  the  hay  from  the  nonfertlllaod  soil. 

The  phosphatio  shales  did  not  inorease  the  yield  of  wheat 
groan  on  Parsons  ailt  loan  soil  in  the  lyanhouee*  They  vara  ap» 
plied  at  the  same  rata  of  available  phosphoric  aoid  aa  mono* 
calcium  phoephate  whioh  gave  a  significant  (1  per  cent  level)  re* 
sponee  in  yield*  This  teat  indicated  that  the  available  phosphoric 
aoid  found  in  the  shales  by  chemical  analysis  is  not  readily 
available  to  wheat  plants  or  else  acme  other  element  in  the  shale 
tends  to  overcome  any  beneficial  affaets  that  the  additional 
phosphorus  any  have  on  the  plant* 

The  pulverised  shales  used  in  this  invaatlgatlon  vera  ground 
until  the  majority  of  the  material  would  pass  through  a  number  20 
sieve*  A  eoersely  ground  sample  of  Budora  afaale  which  would  pass 
through  a  number  10  sieve  was  used  aa  a  treatment  to  determine  the 
effect  of  fineness  of  grinding*  There  was  no  indication  that  the 
finer  ground  material  would  make  the  phosphorus  more  available  to 
plants*  This  la  probably  due  to  the  relatively  soft  and  easily 
weathered  nature  of  these  aedimentary  rooks* 

The  percentage  of  available  phoaphorio  aoid  recovered  by  the 
plants  grown  in  the  greenhouae  indicates  that  relatively  largo 
applications  of  four  to  five  tons  per  acre  of  shale  would  eompare 
with  rook  phosphate  as  a  phoephate  fertilising  material  when  uaed 
on  legumes  such  aa  alfalfa*  From  8*98  to  63*11  per  cent  of  the 
available  phoaphorio  aoid  that  waa  added  in  the  different  shale 
treatments  to  Parsons  ailt  loam  growing  alfalfa,  was  recovered  as 
to  40*5  per  cent  recovery  from  rook  phosphate  and  no 


eovery  from  mono-oalcium  phosphate.  From  8*89  to  13.54  per  oent 
of  the  available  phoaphorle  aeid  that  wan  added  in  the  different 
shale  treatments  to  Deary  silt  loom  growing  alfalfa,  was  recovered 
as  coopered  to  88*14  per  oent  for  roek  phosphate  and  18*84  per 
cent  for  mono-ealolum  phosphate. 

All  of  the  shales  studied  had  about  the  same  value  aa  phos- 
phate fertilisers  with  the  exception  of  Quivera  shale  which  did 
not  compare  with  the  other  shales  in  tests  eonduoted  in  the  green- 
house* The  small  total  phosphoric  acid  content  of  the  shales 
would  probably  limit  the  length  of  time  that  the  availability 
would  persist*  It  is  doubtful  if  much  phosphate  fertiliser  value 
could  be  obtained  beyond  the  second  or  third  season  after  appli- 
cation of  the  shales* 

The  greenhouse  test  with  wheat  indicated  that  shales  and  rook 
phosphate  should  not  be  recommended  for  crops  such  aa  wheat  due 
to  the  relatively  low  percentage  of  phosphoric  acid  recovered  by 
the  grain  compared  to  that  recovered  from  mono-calcium  phosphate 
treated  soil*  This  agrees  with  results  previously  obtained  in 
Kansas  with  the  use  of  rook  phosphate  as  a  phosphate  fertiliser 
for  soils  growing  wheat*  Wheat  grown  on  the  soil  treated  with 
mono-calcium  phosphate  recovered  11*37  per  oent  of  the  available 
phosphoric  acid  added  as  oompared  to  only  6*88  per  cent  recovery 
for  the  roek  phosphate  treatments.  Two  shale  treatments  produced 
grain  which  contained  less  phosphorus  than  the  nontreated  soil 
and  the  remaining  shale  treatments  produced  grain  which  recovered 
from  8.11  to  4*17  per  oent  of  the  available  phosphoric  acid. 
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